Introduction
Glioblastoma (GBM) is the most aggressive primary brain tumor in adults as well as the most common glioma comprising 12% -20% of all brain tumors. The incidence rate of GBM in the United States is estimated to be 2.69 per 100,000 persons per year [1] [2] . Even with the standard triad of surgery, chemotherapy, and radiation therapy, life expectancy is still poor, with a median survival of less than 15 months following initial diagnosis [3] .
The most important prognostic factors affecting survival in patients with GBM are age, tumor grade, performance score, molecular mutations, and the extent of surgical resection (EOR). However, surgical studies have noted that complete resection is achieved in less than half of all patients due to difficulties in determining tumor margins intraoperatively [4] [5] . Hence, there is an urgent need for novel technologies to increase the extent of surgical resection. One such strategy includes fluorescence-guided resection (FGR) for more complete tumor resection.
In this paper, we report two cases of long-term progression-free survival in patients with glioblastoma undergoing FGR using of 5-aminolevulinic acid (5-ALA-FGR) at the University Hospitals-Case Medical Center.
Case Presentation
Informed patient consent was obtained from the patients discussed in this paper. No 1 2 Open Access Case identifying patient data was used. The University Hospitals-Case Medical Center Review Board issued approval (protocol #1305).
Case 1
A 44-year-old, left-handed female with a right parietal GBM was admitted to our center for surgical resection. Preoperative magnetic resonance imaging (MRI) demonstrated enhancing tumor just behind primary motor cortex ( Figure 1) . The patient underwent surgical resection using motor mapping and 5-ALA. 5-ALA demonstrated infiltrating tumor outside the tumor margin ( Figure 2 ) indicated by T1 weighted gadolinium (Gd) enhancement enabling complete resection as confirmed by intraoperative MRI (iMRI) (Figure 3) .
Patient was intact postoperatively with complete resection that recurred only after 23 months. She had invasion across the corpus callosum at recurrence and was not considered to be a surgical candidate. She was treated with avastin (bevacizumab) and survived 28.5 months postrecurrence. The overall survival was 51.5 months since first surgical resection.
FIGURE 1: Preoperative magnetic resonance imaging (MRI)
showing enhancing tumor just behind primary motor cortex in the right parietal lobe.
FIGURE 2: 5-ALA showing infiltrating tumor outside the presumed tumor margin (arrow) FIGURE 3: Intra-operative MRI (iMRI) non-contrast (A) and gadolinium contrast (B) images confirm gross total resection

Case 2
A 63-year-old, right-handed female presented to outside hospital with seizures and found to have GBM in left parietal lobe. She underwent surgery at an outside hospital but only ~10% was resected ( Figure 4 ). Her radiation oncologist referred the patient for completion surgery. 5-ALA demonstrated a solid mass infiltrating the edematous brain along the margin ( Figure 5 ).
The patient underwent 5-ALA-FGR and postoperative MRI demonstrated complete resection with preservation of feeding vessels ( Figure 6 ). She subsequently was treated using the standard therapy [3] and currently is intact with a progression-free survival of 23 months.
FIGURE 4: Preoperative magnetic resonance imaging (MRI)
showing that only 10% of the tumor was resected in the first surgery. 
Discussion
Glioblastoma is the most common and most lethal of all primary brain tumors. The standard treatment for GBM changed in 2005 following the results of a Phase III trial of temozolomide for newly diagnosed glioblastoma [3] . The triad of surgery, temozolomide (TMZ), and radiation therapy (RT), also known as Stupp regimen, demonstrated a median survival of 14.6 months [3] . However, Johnson and O'Neill have recently analyzed the survival time of all adult patients with GBM in the United States during the TMZ era [6] . Based on Data from the Surveillance, Epidemiology, and End Results (SEER), the authors found that median survival times of all patients with newly diagnosed glioblastoma was only 9.7 months in 2005-2008 (during the TMZ era) [6] . Hence, there was an urge to discover new technologies and treatment strategies to extend survivals in GBM patients.
5-aminolevulinic acid is the first compound in the hemoglobin synthesis pathway. It is formed within the mitochondria from glycine and succinyl-coenzyme A by 5-ALA-synthetase. 5-ALA elicits synthesis and accumulation of fluorescent porphyrins in epithelia and neoplastic tissues, including glioblastoma [7] . Moreover, several studies demonstrated that malignant cells accumulate more 5-ALA than healthy cells [8] [9] [10] . The recommended dose of 5-ALA is 20 mg/kg body weight. The patient takes an oral dose of 5-ALA three to four hours prior to surgery. Once craniotomy is performed, the neurosurgeon switches between using conventional white light and a violet-blue filter which leads to fluorescence of a deep pink glow in tumor cells which have taken up 5-ALA. This allows the tumor cells to be differentiated from the healthy tissue allowing more complete resection.
The introduction of 5-ALA-FGR [11] , followed by the successful results of the Phase III trial, is representative of major advances in glioblastoma therapy in the past years [12] . The ALA-Glioma Study Group, led by Stummer, performed a randomized control trial comparing patients who underwent surgical resection using 5-ALA-FGR versus conventional white light and found that patients in the FGR group had higher six month progression-free survival [12] . Moreover, several studies demonstrated that more extensive surgical resection is associated with longer life expectancy for GBMs [5, [13] [14] . Specifically, if 78% of the tumor can be resected, this significantly extends the survival time, and incremental improvement in survival in the 95% to 100% extent of resection [14] . Díez Valle, et al. [15] assessed the EOR in patients undergoing 5-ALA-FGR. They found that all patients had resection over 98% of the volume and mean volume resected was 99.8%.
Preoperative T1 MRI with gadolinium contrast is useful in determining the location of the tumor prior to surgery. Aldave and colleagues found that patients who underwent 5-ALA-FGR beyond what was seen on contrast-enhancing MRIs had longer overall survival compared with patients with residual fluorescent tissue [16] . Moreover, Coburger, et al. [17] have recently demonstrated that 5-ALA is superior to Gd-DTPA-enhanced iMRI for detection of infiltrating tumor at the border of the resection cavity. These studies indicate that resections beyond the 5-ALA-positive tissue can prolong survival in GBM patients.
Nonetheless, there are also several limitations of 5-ALA-FGR for GBM resection. 5-ALA specificity tends to be lower in areas of vague fluorescence at tumor margins [18] . Additionally, 5-ALA fluorescence only occurs when the molecules are hit by a blue light of approximately 440 nm; therefore, active tumor can be hidden by overhanging normal tissues which lie between the tumor and the microscope, blood, hematoma, or necrotic tissues typically seen in GBM resulting in less than complete resections. Moreover, 5-ALA may interfere with other drugs, such as phenytoin [19] . For this reason, and because MRI is widely considered to be the goldstandard for determining EOR, combining 5-ALA-FGR with iMRI, as in Case 1, may yield improved EOR compared to either technology alone [20] . 5-ALA is also associated with a few side-effects, including hypotension, elevated liver enzymes and mild photosensitivity [21] [22] .
5-ALA in glioma resection has been widely used around the world for more complete tumor resections. Unfortunately, the Food and Drug Administration (FDA) has not yet approved the use of 5-ALA in the United States. FDA considers 5-ALA a drug, rather than a surgical aid, which would require a lengthy process. Currently, there are several 5-ALA clinical trials in the United States that will hopefully lead to FDA approval of oral 5-ALA for intra-operative visualization of glioblastoma.
Conclusions
These two case reports illustrate the advantage of 5-ALA in achieving more complete resection, as confirmed by iMRI, and long-term progression-free survival in GBM patients. 5-ALA is a relatively safe and inexpensive surgical aid. In some cases, 5-ALA has been reported to be equally effective and sometimes more effective than MRI technology, though they appear to be complementary. Thus, the combination of both 5-ALA and iMRI might be beneficial to maximize the extent of resection.
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